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This  quarterly  report  was  prepared  by  RCA  Laboratories,  Princeton,  New 
Jersey  under  Contract  No.  F30602-71-C-0356.  It  describes  work  performed  from 
9  September  to  8  December  1971  In  the  Communications  Research  Laboratory, 

Dr.  K.  H.  Powers,  Director.  The  principal  Investigator  and  project  engineer 
Is  Dr.  D.  A.  de  Wolf. 

The  report  was  submitted  by  the  author  on  7  January  1972.  Submission  of 
this  report  does  not  constitute  Air  Force  approval  of  the  report's  findings 
or  conclusions.  It  Is  submitted  only  for  the  exchange  and  stimulation  of 
Ideas . 
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ABSTRACT 


Three  developments  are  reported  briefly,  (a)  an  extension  o  average 
focal-spot  areas  under  turbulent  atmospheric  conditions  to  non-zero  elevation 
angles,  (b)  computation  of  the  temporal  power  spectrum  of  angle-of-arrival 
fluctuations,  and  (c)  development  of  a  new  formalism  for  the  irradlance  of  a 
plane  wave  leading  to  log-normal  statistics  and  promising  a  saturation  effect 
for  the  Irradlance  (aot  yet  computed) . 
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I.  PROGRESS  DURING  THIS  QUARTER 

/ 

t-  a  jhf  ca]-culatlon  of  ir  <  rL2>  ,  the  average  focal-spot  area,  has  been  ex¬ 
tended  to  slant-path  links  with  the  transmitter  at  an  altitude  of  one  meter 
or  so  above  the  ground.  He  have  applied  the  height  dependence  of  C  2  given 
by  Hyngaerd.  Uunl,  and  Collin, [1],  The  results  ere  given  by  our  Sevfous 
plots  of  roc  and  roL  as  a  function  of  L  for  diverse  values  of  C  2  i 

5ir«“uai  conditions^  £  Pl°“  1  r°'<0)/ro=<0>  for  sunny-dSy  end  for 

p!«s°  f?lg!lreslnI(lr  1  fe,(e)/rof(0)  «  Slven  cUvstlo^gleTWc 
lence  it&J^u^irsri. °f  k  (f-,uency)  end  C„2  (turbu- 

We  have  computed  the  temporal  power  spectrum  W(w)  of  aneular  fluctuaHnnp 
over  *  t  ^f  or^tw^cases?8  f  0nD  With  re8pect  t0  T  °f  <d0(t-H:)6e(t)>  averaged 

(a)  Taylor's  hypothesis  which  states  that  all  movement  is  due  to 
a  single  velocity  v. 

(b)  A  gaussian  velocity  distribution  of  independent  eddies  with 
zero  mean  velocity. 

?a8C?’  thC  8pectrum  18  initially  flat,  then  decreases  with  uT2/3  as 
the  angular  frequency  u  Increases  above  w,  *>  V/L  uo  to  n  r..t  off  «-  ST 

Further  work  is  needed  to  extend  case  fbWn  «  oo„  P  CUt  °f£  at  “  **  KmLoa,l* 
results  to  date  are:  00  t0  3  non_zero  velocity.  The 

Case  (a) 


W(oj)  -  W(a>;5/6)  -  W(ui;ll/6) 


15.7  c2L 

(  .  \2 

„  1/2  T 
on  L  a). 

“p  -rv.v  * 

o  1 

L 

Q. 

CM 

(l  +  w2/^2 

!)  i 

Hhe^K  “i  "xrV«L°.  and  u  18  one  of  KunBner ' s  functions  in  the  notation  of  NBS 
Handbook  of  Mathematical  Functions.  The  other  symbols  are  denned  d  III 
previous  quarterly  report.  *  are  aetmed  in  the 

Case (b) 


W(oj)  -  W(oj;5/6)  -  W(<d;11/6) 
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(b)  SUNNY  DAY 


Figure  1(b) .  Average-Focal -Area  Parameters  for  Diverse  Angles  of  Elevation. 


W(w;p) 


where  u2  ”  4v/L0  /3,  v  Is  the  root-mean-square  velocity  defining  the  gausslan 
velocity  probability  density  (for  zero  mean),  and  T  is  the  gamma  function. 

He  have  worked  out  a  new  approach  to  the  statistics  of  I,  the  plane-wave 
irradiance.  Previously,  we  were  critical  of  previous  selective-summation  re¬ 
sults  (including  our  own)  because  these  appeared  incomplete.  However,  much  of 
the  formalism  can  be  retained.  By  making  a  geometrical-optics  approximation 
in  the  Green *8  function  propagator,  but  retaining  all  diffraction  effects,  we 
obtain  a  non-linear  set  of  coupled  equations  for  the  field  E  at  the  point  of 
observation  r  -  (p,L). 


E  =  E^expiJ) 

x  +  !♦ 


Ik 

8u2  *& 


u 

f  izfih  6e  (K,z)exp[-iK2(L-z)/2k-iK*t(z)l 


-1* 


S(z)  -  p(L)-(L-z)k 


Here,  VT$  is  the  transverse  derivative  of  the  (yet  to  be  determined) 
phase  function  <>  -  Im(ty) ,  and  6c  (K,z)  is  a  two-dimensional  Fourier  transform 
of  6e  (p,z).  The  log-normal  behavior  of  E  is  apparent;  the  problem  is  to 
obtaig  a  saturation  curve  for  the  Irradiance  variance.  If  we  ignore  ray  bending 
then  £  ■  p(L);  in  this  case  the  Rytov  approximation  results.  The  next  step  is 
to  include  ray  bending  but  this  appears  tc  be  a  difficult  although  promising 
task. 


REFERENCE 


1.  J.  Opt.  Soc.  Am.  61,  1646  (1971). 


4 


